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1
ADHESIVE COMPOSITIONS AND METHODS

PRIORITY CLAIM

This application is a National Stage filing of International
Patent Cooperation Treaty Application No. PCT/US2011/
027231 filed Mar. 4, 2011 which claims priority to U.S.
Provisional Application Ser. No. 61/323,455, filed Apr. 13,
2010, both of which are fully incorporated herein by refer-
ence in their entirety.

BACKGROUND

This invention relates to adhesive compositions and meth-
ods wherein the viscosity of the adhesive in a hot melt is
reduced so that it can be applied with less energy and better
wet out the surface of the substrate.

A hot melt adhesive (HMA) is a thermoplastic polymer
system applied in a molten state. The molten adhesives are
applied to a substrate and then placed in contact with another
substrate. The adhesive cools and solidifies to form a bond
between the substrates. Hot melt adhesives are widely used in
the packaging industry, for example, to seal and close cartons
or to laminate multilayer papers.

A wide variety of thermoplastic base polymers, particu-
larly ethylene-based polymers such as ethylene-unsaturated
ester copolymers, including ethylene-vinyl acetate (EVA)
and ethylene-n-butyl acrylate (EnBA), have traditionally
been used in HMA, but often the adhesive formulation
requires substantial use of low molecular weight ingredients
such as wax and tackifier to adjust the viscosity and glass
transition temperature to useful ranges. Thus, ethylene-unsat-
urated ester copolymer formulations are typically exempli-
fied by a wax with either a low molecular weight or a low
crystallization temperature.

The base polymer selection has largely influenced the flow
and mechanical properties: (a) viscosity and rheology char-
acteristics; (b) cohesive strength; (c) flexibility; and (d) adhe-
sive strength. The viscosity of the copolymer has typically
been a few orders of magnitude higher than the viscosity of
the wax. Low viscosity wax has been used to reduce the high
viscosity of the copolymer and resin to ensure efficient mix-
ing. This viscosity reduction is particularly important during
the mixing and application stages. In the mixing stage, low
viscosity is advantageous because it reduces the energy
required to mix the adhesive. In the application stage, a low
viscosity HMA is required to pump the molten adhesive from
the storage tank to the application area and to ensure proper
sprayability and/or surface wetting when applied.

The HMA attributes required for good bonding strength,
cohesive strength and low viscosity generally conflict with
each other. Generally selecting optimum performance is a
matter of trading off one property against another, for
example, reducing viscosity decreases adhesion and/or cohe-
sive strength. It is challenging to obtain the desired balance
between bonding strength and low viscosity.

The adhesion industry continues to search for adhesive
compositions having a balance of properties. Accordingly,
there exists a current and long felt need for adhesive compo-
sitions that overcome known deficiencies in conventional
compositions and have advantageous processing properties.

SUMMARY

In one aspect, the present invention resides in a composi-
tion comprising a base polymer, and an ester copolymer com-
prising an olefin and a copolymerizable ester, wherein the
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ester copolymer has a pour point less than 40° C. In an
embodiment, the viscosity at 177° C. of the composition is
less than 95% of the viscosity without incorporating the ester
copolymer.

Some embodiments of this invention provide an adhesive
composition which exhibits a good balance of bonding
strength and low viscosity. Good balance is achieved by an
adhesive composition comprising a high molecular weight
base polymer and a relatively low molecular weight ethylene-
vinyl ester copolymer that has a low pour point. In one
embodiment, the low-pour point ester copolymer is a liquid
grade ethylene-vinyl ester copolymer.

The low pour point ester copolymer has an effect in low-
ering the melt viscosity when present in a composition in a
relatively minor proportion with an adhesive grade ethylene-
vinyl ester copolymer; and, in some embodiments, without
much change in adhesive strength measured as fiber tear at
25° C.

In an embodiment, the composition further comprises a
tackifier and a wax. In an embodiment, the composition com-
prises from 1 wt % to 80 wt % of the base polymer, from 1 wt
% to 65 wt % of the tackifier, and from 1 wt % to 15 wt % of
the wax, based on the total weight of the base polymer, the
tackifier, and the wax. In an embodiment, the viscosity at 177°
C. of the composition is less than 95% of the viscosity of a
blend of the base polymer, the tackifier, and the wax. In an
embodiment, the fiber tear of the composition at 25° C. using
Inland paper board as a substrate is at least 95% of the fiber
tear of the blend. In an embodiment, the composition has at
least 95% fiber tear at 25° C. using Inland paper board as a
substrate.

In an embodiment, the ester copolymer is present at from
1% to 25% by weight of the base polymer. In an embodiment,
the olefin comprises ethylene. In an embodiment, the copo-
lymerizable ester is selected from the group consisting of
vinyl esters of carboxylic acids, alkyl esters of acrylic and
methacrylic acids, and combinations thereof. In an embodi-
ment, the base polymer comprises a melt index from 10 to
1000 g/10 minutes. In an embodiment, the base polymer is
selected from ethylene-vinyl acetate and ethylene-n-butyl
acrylate, and in a further embodiment, the ester copolymer
comprises ethylene-vinyl acetate.

In an embodiment, the ester copolymer comprises a pour
point below 25° C. In an embodiment, the ester copolymer
comprises a viscosity at 25° C. from 50 to 300 mPa-s. In an
embodiment, the ester copolymer is at least 95% by weight
non-crystalline. In an embodiment, a crystallization tempera-
ture of the neat base polymer is within 2° C. of a crystalliza-
tion temperature of the base polymer in the composition, or
stated differently, the composition has a crystallization tem-
perature within 2° C. of the neat base polymer.

In an embodiment, the base polymer comprises from 15%
to 45% by weight of a copolymerizable ester. In an embodi-
ment, the ester copolymer comprises from 10% to 60% by
weight of a copolymerizable ester.

In an embodiment, the composition further comprises an
antioxidant, colorizer, dye, or filler.

In one embodiment, an adhesive composition comprises:
from 1 wt % to 80 wt % of a base polymer selected from
ethylene-vinyl acetate and ethylene-n-butyl acrylate, from 1
wt % to 60 wt % of a tackifier, and from 1 wt % to 15 wt % of
a wax, by total weight of the base polymer, the tackifier, and
the wax; and from 1 wt % to 25 wt % of a liquid ethylene-vinyl
acetate copolymer by weight of the base polymer; wherein
the base polymer is solid at 25° C. and has a melt index greater
than 10 g/10 minutes; wherein the viscosity at 177° C. of the
adhesive composition is less than 80% of the viscosity of a
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blend of the base polymer, tackifier, and wax; and wherein the
adhesive composition has at least 95% fiber tear at 25° C.
using Inland paper board as a substrate.

In one embodiment, a method of reducing the melt viscos-
ity of a hot melt adhesive, comprising a mixture of an adhe-
sive copolymer of ethylene, and a copolymerizable ester, a
tackifier, and a wax, comprises the step of incorporating a
liquid ethylene-copolymerizable ester copolymer into the
mixture in an amount from 1 wt % to 25 wt % by weight of the
adhesive copolymer. In an embodiment, incorporation of the
liquid copolymer reduces the viscosity of the hot melt adhe-
sive at 177° C. by at least 20% relative to the hot melt adhesive
without the liquid copolymer, and wherein the hot melt adhe-
sive incorporating the liquid copolymer has a fiber tear of at
least 95% at 25° C. using Inland paper board as a substrate. In
an embodiment, the method further comprises applying the
hot melt adhesive to a substrate at a temperature of less than
150° C.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 shows differential scanning calorimetry (DSC)
curves for a commercial ethylene-n-butyl acrylate (EnBA)
resin, EXXONMOBIL EnBA EN 33330, in a hot melt adhe-
sive (HMA) composition without any added liquid ethylene-
vinyl acetate (EVA) copolymer as described in example
HMAI in Table 1.

FIG. 2 shows a similar adhesive composition in which 5 wt
% of a liquid EVA copolymer is present as described in
example HMAZ2 in Table 1, illustrating that the peak melting
temperature of HMA?2 is unchanged (within experimental
confidence interval) as compared to HMA1 represented in
FIG. 1.

FIG. 3 shows DSC curves for example HMAS, as
described in Table 2.

FIG. 4 shows DSC curves for example HMA7, as
described in Table 2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The term “polymer” as used herein refers to high molecular
weight molecules comprising repeating units, generally hav-
ing a weight average molecular weight of at least about 500
g/mol. As used herein molecular weight refers to the weight
average molecular weight in g/mol, unless otherwise speci-
fied. When two or more adhesive polymer components are
used, the weight average molecular weight, viscosity, and
crystallization temperature of the adhesive polymer, used
herein, refers to the weight average molecular weight, viscos-
ity, and crystallization temperature of the blend of all adhe-
sive polymer components used in the adhesive or hot melt
adhesive (HMA) mixture.

In one embodiment, a composition comprises a base poly-
mer, and an ester copolymer comprising an olefin and copo-
lymerizable ester having a pour point less than 40° C. wherein
the base polymer is different than the ester copolymer. In
another embodiment, the base polymer has a peak melting
point greater than 50° C. In still another embodiment, the melt
index of the base polymer is from 0.1 g/10 minutes to 3,000
g/10 min, from 0.1 g/10 minutes to 2,000 g/10 minutes, from
0.1 g/10 minutes to 1,500, from 0.1 g/10 minutes to 1,000,
from 0.1 g/10 minutes to 500 g/10 minutes. As used herein,
melt index is determined at 190° C./2.16 kg in accordance
with ASTM D1238. In a further embodiment, the base poly-
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4

mer is solid at 50° C. “Solid” shall mean of definite shape and
volume and not pourable under ASTM D97.

In one embodiment, the base polymer may be selected
from styrenic block copolymers; polypropylene-based poly-
mers such as polypropylene-ethylene copolymers and
polypropylene-butene  copolymers,  propylene-hexene
copolymers and propylene-octene copolymers; and polyeth-
ylene-based polymers such as ethylene-propylene copoly-
mers, ethylene-octene copolymers, and ethylene vinyl acetate
copolymers.

In another embodiment, a composition comprises a base
polymer comprising a first olefin and a first copolymerizable
ester having a peak melting point greater than 50° C., and a
ester copolymer comprising a second olefin and a second
copolymerizable ester having a pour point less than 40° C.

For purposes of this disclosure, when a polymer or oligo-
mer is referred to as comprising an olefin, the olefin present in
the polymer or oligomer is the polymerized or oligomerized
form of the olefin, respectively. Likewise, the use of the term
“polymer” is meant to encompass homopolymers and
copolymers. The term “copolymer” is used herein to include
any polymer having two or more monomers. That is, in the
case of a propylene copolymer, at least one other comonomer
is polymerized with the propylene to make the copolymer.

In one embodiment, the olefins are selected from ethylene,
propylene, butylenes, and so on. In one embodiment, the first
and/or second olefins comprise ethylene, e.g., the first and
ester copolymers comprise ethylene copolymers. In one
embodiment, the first and/or ester copolymers comprise one
or more polar monomers, such as vinyl acetate or other vinyl
esters of monocarboxylic acids or acrylic or methacrylic acid
or their esters with methanol, ethanol, or other alcohols. Spe-
cific representative copolymers can include ethylene vinyl
acetate, ethylene methyl acrylate, ethylene n-butyl acrylate,
ethylene acrylic acid, ethylene 2-ethylhexyl acrylate, ethyl-
ene methacrylate, and mixtures and blends thereof. Ethylene
n-butyl acrylate and ethylene vinyl acetate, as well as mix-
tures thereof, are particularly preferred. Random and block
copolymers, as well as mixtures thereof, may be used in an
embodiment.

The base polymer, in various embodiments, has a peak
melting point greater than 50° C., greater than 60° C., greater
than 70° C., greater than 80° C., greater than 90° C., greater
than 95° C., greater than 100° C., or greater than 105° C. Inan
additional or alternative embodiment, the base polymer can
have a melt index from about 10 to about 1000 g/10 minutes.
Asusedherein, melt index is determined at 190° C./2.16 kg in
accordance with ASTM D1238. In an additional or alternative
embodiment, the base polymer can have a melt viscosity at
190° C. of atleast 1000 mPa-s, preferably at least 2000 mPa-s.
Asused herein, viscosity (i.e., melt viscosity) is determined at
190° C. in accordance with ASTM D3236, unless otherwise
indicated.

In an embodiment, the base polymer can have a copoly-
merizable ester comonomer content from about 5% to about
50% by weight of the base polymer, preferably from about
10% to about 40% by weight of the base polymer. In one
embodiment, the base polymer is an ethylene-vinyl acetate
copolymer (EVA) having a vinyl acetate (VA) content from
10 to 40% by weight of the base polymer; and in another
embodiment, an ethylene-n-butyl acrylate copolymer
(EnBA) having an n-butyl acrylate (nBA) content from 25%
to 40% by weight of the base polymer.

EVA resins are commercially available under the trade
designation ESCORENE, e.g., ESCORENE ULTRA MV
02514 EVA (14 wt % vinyl acetate). EnBA resins are com-
mercially available under the trade designations EN, e.g.,
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EXXONMOBIL EnBA EN 33330 EnBA (33 wt % EnBA, MI
330) and EXXONMOBIL EnBA EN 33900 EnBA (33 wt %
EnBA, MI 900).

In an embodiment, the ester copolymer has a pour point
less than 40° C., less than 35° C., less than 30° C., less than
25° C., less than 20° C., less than 15° C., or less than 10° C.
As used herein, pour point is determined in accordance with
ASTM D97. A liquid copolymer is defined herein as one
having a pour point of 25° C. or below. In an embodiment, the
ester copolymer can have a copolymerizable ester comono-
mer content from about 5% to about 65% by weight of the
ester copolymer, preferably from about 10% to about 60% by
weight of the ester copolymer, more preferably from about
20% to about 55% by weight of the ester copolymer, more
preferably from about 30% to about 45% by weight of the
ester copolymer. In one embodiment, the ester copolymer
comprises a liquid EVA, and in a further embodiment a liquid
EVA having a vinyl acetate content from 35% to 40% by
weight of the liquid EVA.

In an embodiment, the adhesive comprises a copolymer
comprising more than 50% ethylene vinyl acetate wherein the
ethylene vinyl acetate has a vinyl acetate content of greater
than 10% and wherein the adhesive composition has a vis-
cosity ofless than 3,000 MPa-s at 177° C. In one embodiment,
the viscosity of the adhesive composition is less than 2,500,
less than 2,000, and less than 1,500 MPa-s at 177° C. In one
embodiment, the ethylene vinyl acetate has a vinyl acetate
content of greater than 15%, greater than 20%, greater than
25%, greater than 30%.

In an embodiment, an adhesive composition comprises, in
addition to the first and ester copolymers, a tackifier, and a
wax. When the tackifier and/or wax are present, the adhesive
composition, in one embodiment, comprises from 1 wt % to
80 wt % of the base polymer, from 1 wt % to 70 wt % of the
tackifier, and from 1 wt % to 80 wt % of the wax, based on the
total weight of the composition. In one embodiment, the
adhesive composition comprises from 25 to 50 wt % of the
tackifier, from 5 to 15 wt % of the wax, and from 10 to 60% of
the base polymer base on the total weight of the composition.

In an embodiment, the composition comprises from 1 to 50
wt %, from 1 to 40 wt %, from 1 to 30 wt %, from 1 to 20 wt
%, and from 1 to 10 wt % of the ester copolymer based on the
total weight of the composition. In one embodiment, the
composition comprises from 5 to 50 wt %, from 5 to 40 wt %,
from 5 to 30 wt %, from 5 to 25 wt %, from 5 to 15 wt %, and
from 7.5 to 15 wt % of the ester copolymer based on the total
weight of the composition.

In general, the adhesive composition depends on the end
use and application requirements; for instance, an exemplary
hot melt packaging application formulation can contain 30 wt
% EVA resin such as ESCORENE UL-7710, 45 wt % tacki-
fier such as ESCOREZ 2394, and 25 wt % wax; an exemplary
curtain coating formulation can contain 15 wt % EVA resin
such as ESCORENE UL-7760, 7 wt % tackifier such as
ESCOREZ 2203L.C, and 78 wt % wax; an exemplary book-
binding formulation can contain 45 wt % EVA resin such as
ESCORENE UL-7760 or 5637, 45 wt % tackifier such as
ESCOREZ 2394 or 5637, and 10 wt % wax; and an exemplary
glue stick formulation can contain 70 wt % EVA resin such as
ESCORENE UL-7510, 30 wt % tackifier such as ESCOREZ
5300, and no wax. A liquid EVA can be added to each of the
exemplary formulations to reduce melt viscosity, according
to embodiments.

Examples of suitable tackifiers, include, but are not limited
to, aliphatic hydrocarbon resins, aromatic modified aliphatic
hydrocarbon resins, hydrogenated polycyclopentadiene res-
ins, polycyclopentadiene resins, gum rosins, gum rosin
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esters, wood rosins, wood rosin esters, tall oil rosins, tall oil
rosin esters, polyterpenes, aromatic modified polyterpenes,
terpene phenolics, aromatic modified hydrogenated polycy-
clopentadiene resins, hydrogenated aliphatic resin, hydroge-
nated aliphatic aromatic resins, hydrogenated terpenes, modi-
fied terpenes, hydrogenated rosin acids, and hydrogenated
rosin esters. In some embodiments, the tackifier is hydroge-
nated.

In some embodiments, the tackifier has a softening point
(Ring and Ball, as measured by ASTM E-28) of 80° C. to 150°
C., preferably 100° C. to 130° C. In another embodiment, the
resin is liquid and has a ring and ball softening point of
between 10° C. and 70° C.

The tackifier, if present, is typically present at about 1 wt %
to about 70 wt %, such as about 20 wt % to about 65 wt %, for
example about 30 wt % to about 50 wt %, based upon the
weight of the base polymer, tackifier, and any wax.

Preferred hydrocarbon resins for use as tackifiers or modi-
fiers include:

(a) Resins such as C,/Cq terpene resins, styrene terpenes,
alpha-methyl styrene terpene resins, C, terpene resins,
aromatic modified C5/Cg, aromatic modified cyclic res-
ins, aromatic modified dicyclopentadiene based resins
or mixtures thereof. Additional preferred resins include
those described in WO 91/07472; U.S. Pat. No. 5,571,
867; U.S. Pat. No. 5,171,793; and U.S. Pat. No. 4,078,
132. Typically, these resins are obtained from the cat-
ionic polymerization of compositions containing one or
more of the following monomers: C; diolefins (such as
1,3-pentadiene, isoprene, etc); C; olefins (such as 2-me-
thylbutenes, cyclopentene, etc.); C4 olefins (such as hex-
ene), C, vinylaromatics (such as styrene, alpha methyl
styrene, vinyltoluene, indene, methyl indene, etc.);
cyclics (such as dicyclopentadiene, methyldicyclopen-
tadiene, etc.); and/or terpenes (such as limonene, carene,
etc.); and

(b) Resins obtained by the thermal polymerization of dicy-
clopentadiene, and/or the thermal polymerization of
dimers or oligomers of cyclopentadiene and/or methyl-
cyclopentadiene, optionally, with vinylaromatics (such
as styrene, alpha-methyl styrene, vinyl toluene, indene,
methyl indene).

Suitable commercially available tackifiers include
ESCOREZ® 1000, 2000 and 5000 series hydrocarbon resins,
and ECR-373, available from ExxonMobil Chemical Com-
pany; ARKON™ M series, ARKON P series and SUPER
ESTER™ rosin esters available from Arakawa Chemical
Company of Japan; SYLVARES™ phenol modified sty-
rene-o. methyl styrene resins, styrenated terpene resins,
ZONATAC terpene-aromatic resins, and terpene phenolic
resins available from Arizona Chemical Company of Jack-
sonville, Fla.; SYLVATAC™ and SYLVALITE™ rosin esters
available from Arizona Chemical Company; NOR-
SOLENE™ aliphatic aromatic resins available from Cray
Valley of France; DERTOPHENE™ terpene phenolic resins
available from DRT Chemical Company of Landes, France;
EASTOTAC™  resins, PICCOTAC™ (C,/C, resins,
REGALITE™ and REGALREZ™ aromatic and
REGALITE™ cycloaliphatic/aromatic resins available from
Eastman Chemical Company of Kingsport, Tenn.; WING-
TACK™ resins available from Goodyear Chemical Company
of Akron, Ohio; FORAL™ PENTALYN™, and PERMA-
LYN™ rosins and rosin esters available from Eastman
Chemical Company; QUINTONE™ acid modified Cs resins,
C4/C, resins, and acid modified C5/C, resins available from
Nippon Zeon of Japan; LX™ mixed aromatic/cycloaliphatic
resins available from Neville Chemical Company of Pitts-



US 9,260,636 B2

7
burgh, Pa.; and CLEARON hydrogenated terpene aromatic
resins available from Yasuhara Chemical of Japan. The pre-
ceding examples are illustrative only and by no means limit-
ing.

Nonlimiting examples of waxes include petroleum based
and synthetic waxes. Waxes suitable for use in the present
invention include paraffin waxes, microcrystalline waxes,
polyethylene waxes, polypropylene waxes, by-product poly-
ethylene waxes, Fischer-Tropsch waxes, oxidized Fischer-
Tropsch waxes, and functionalized waxes such as hydroxy
stearamide waxes and fatty amide waxes and combinations of
thereof. It is common in the art to use the terminology syn-
thetic high melting point waxes to include high density low
molecular weight polyethylene waxes, by-product polyethyl-
ene waxes, and Fischer-Tropsch waxes, which are useful
herein.

The wax, if present, is typically present at about 1 wt % to
about 80 wt %, about 1 wt % to 30 wt %, or about 1 wt % to
15 wt %, such as about 3 wt % to about 15 wt %, for example
about 6 wt % to about 12 wt %, based upon the weight of the
base polymer, tackifier, and wax.

Modified waxes, such as vinyl acetate modified, maleic
anhydride modified, oxidized waxes, and other polar waxes
may also be used in an embodiment. In an embodiment, the
adhesive is essentially free of modified waxes, i.e., it is free of
deliberately added modified waxes or contains less than 1 wt
% of modified waxes. In an embodiment, the wax component
comprises less than 2 wt % or less than 1 wt % modified waxes
by weight of the total wax components.

Preferably, the wax components are paraffin waxes, micro-
crystalline waxes, Fischer-Tropsch synthetic waxes, and
polyethylene waxes, all of which are a blend of linear and
branched hydrocarbons. Paraftin waxes are complex mixtures
of many substances. They mainly consist of saturated hydro-
carbons.

Microcrystalline waxes are a type of wax produced by
dewaxing petrolatum, as part of the petroleum refining pro-
cess. Microcrystalline wax contains a higher percentage of
isoparaffinic (branched) hydrocarbons and naphthenic hydro-
carbons as compared with paraffin wax. It is characterized by
the fineness of its crystals in contrast to the larger crystal of
paraffin wax. It consists of high molecular weight saturated
aliphatic hydrocarbons and has a high melting point. Typical
microcrystalline wax crystal structure is small and thin, mak-
ing the wax crystals relatively more flexible than paraffin wax
crystals.

Polyolefin waxes typically have a weight average molecu-
lar weight of from 500 to 20,000 g/mol and can be produced
by thermal degradation of high molecular weight branched
polyolefin polymers or by direct polymerization of olefins. In
other embodiments, the polyolefin wax blend component(s)
has a weight average molecular weight of from 1,000 to
20,000, from 2,000 to 20,000, from 3,000 to 20,000, from
4,000 to 20,000, from 5,000 to 20,000, from 6,000 to 20,000,
from 7,000 to 20,000, from 8,000 to 20,000, from 9,000 to
20,000, and from 10,000 to 20,000. Suitable polymerization
processes include, for example, high-pressure technologies,
in which the olefins, generally ethylene, are reacted free-
radically under high pressures and temperatures to form
branched waxes, and also low-pressure or Ziegler processes,
in which ethylene and/or higher 1-olefins are polymerized
using organometallic catalysts. Polyethylene waxes, pro-
duced using metallocene catalyst, have a narrower molecular
weight distribution, more uniform incorporation of comono-
mer, and lower melting points, in comparison to the Ziegler-
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Natta technology. In one embodiment, the high molecular
weight second wax component comprises a metallocene
polyethylene wax.

In an embodiment, the polyethylene wax has an Mw of
from about 2,000 to about 20,000 g/mol, a molecular weight
distribution Mw/Mn, which is also referred to as the polydis-
persity index, of from about 2 to 10, a viscosity at 190° C. of
from 50 to 1000 mPa-s, a melting temperature range of from
about 120° C. to 131° C. for a homopolymer and from about
100° C.to 126° C. for a copolymer, and a density of from 0.90
t0 0.97 g/cm®. Low molecular weight polyethylene waxes are
commercially available under the trade designations LICO-
WAX and LICOCENE from Clariant; PETROLITE C-4040
and POLYWAX 1000, 2000, and 3000 from Baker Petrolite
Corporation (Sugarland, Tex.); low molecular weight by-
product polyethylene waxes under the trade designation
MARCUS 100, 200 and 300, from Marcus Chemical Co., a
Division of H.R.D. Corp. (Houston, Tex.); are also available
commercially from Honeywell Corporation or Eastman Cor-
poration.

Fischer-Tropsch waxes can be produced by Fischer-Trop-
sch synthesis including, e.g., a catalyzed chemical reaction in
which a mixture of carbon monoxide and hydrogen synthesis
gas is converted into liquid hydrocarbons of various lengths.
Fischer-Tropsch waxes are commercially available, for
example, under the trade designations PARAFLINT H-1,
H-4, and H-8 from Sasol-SA/Moore & Munger (Shelton,
Conn.), and BARECO PX-105, from Baker Petrolite Corpo-
ration (Sugarland, Tex.).

In some embodiments, the wax component has a mettler
drop point of 110° C. or more, as determined by ASTM
D3954, a congealing point of 110° C. or more, as determined
by ASTM D938, or a melting temperature of 110° C. or more,
as determined by ASTM D3418-03.

The polyolefin waxes present in an embodiment of the hot
melt compositions of the invention preferably have a ring &
ball softening point of between 90° C. and 160° C., and a
viscosity at 170° C. of between 50 and 30,000 mPa-s.

In another embodiment, the inventive hot melt adhesives
comprise at least one polypropylene wax. Polypropylene
waxes include both homo-polypropylenes and propylene
copolymers. Preferably, the polypropylene wax has a ring &
ball softening point of between 80° C. and 165° C., a peak
melting temperature of from 80° C. to 165° C. as determined
by DSC according to ASTM D3814-03, a Brookfield viscos-
ity, measured at a temperature of 170° C., of between 20 and
40,000 mPa-s.

In yet another aspect, the adhesive can include 15 wt % or
less, or 10 wt % or less, or 5 wt % or less of one or more
additives selected from plasticizers, oils, stabilizers, antioxi-
dants, pigments, dyestuffs, antiblock additives, polymeric
additives, defoamers, preservatives, thickeners, adhesion
promoters, rheology modifiers, humectants, fillers, surfac-
tants, processing aids, cross-linking agents, neutralizing
agents, flame retardants, fluorescing agents, compatibilizers,
antimicrobial agents, nucleating agents, and water.

Exemplary oils may include aliphatic naphthenic oils,
white oils, and combinations thereof, for example. The phtha-
lates may include di-iso-undecyl phthalate (DIUP), di-iso-
nonylphthalate (DINP), dioctylphthalates (DOP), combina-
tions thereof, or derivatives thereof. Exemplary polymeric
additives include homo poly-alpha-olefins, copolymers of
alpha-olefins, copolymers and terpolymers of diolefins, elas-
tomers, polyesters, block copolymers including diblocks and
triblocks, ester polymers, alkyl acrylate polymers, and acry-
late polymers. Exemplary plasticizers may include mineral
oils, polybutenes, phthalates, and combinations thereof.
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Exemplary anti-oxidants include alkylated phenols, hin-
dered phenols, and phenol derivatives, such as t-butyl hydro-
quinone, butylated hydroxyanisole, polybutylated bisphenol,
butylated hydroxy toluene (BHT), alkylated hydroquinone,
2,6-di-tert-butyl-paracresol, 2,5-di-tert-aryl hydroquinone,
octadecyl-3-(3,5-di-tert-butyl-4-hydroxy phenyl), tetrakis-
(methylene-(3,5-di~(tert)-butyl-4-hydrocinnamate)) meth-
ane (IRGANOX 1010), etc. Examples of hindered phenolic
antioxidants are commercially available under the IRGA-
NOX series of trade designations including IRGANOX 565,
IRGANOX 1010 and IRGANOX 1076 from Ciba Specialty
Chemicals (Basel, Switzerland). In one embodiment, the
adhesive composition comprises from 0.01 wt % to 3 wt % of
an antioxidant, preferably from 0.05 wt % to 2 wt %.

Exemplary fillers include silica, diatomaceous earth, cal-
cium carbonate, iron oxide, hydrogenated castor oil, fumed
silica, precipitated calcium carbonate, hydrophobic treated
fumed silicas, hydrophobic precipitated calcium carbonates,
tale, zinc oxides, polyvinyl chloride powders, fungicides,
graphite, carbon black, asphalt, carbon fillers, clay, mica,
fibers, titanium dioxide, cadmium sulfide, asbestos, wood
flour, polyethylene powder, chopped fibers, bubbles, beads,
thixotropes, bentonite, calcium sulfate, calcium oxide, mag-
nesium oxide, and combinations or derivates thereof. Exem-
plary surfactants include vinyl-containing or mercapto-con-
taining polyorganosiloxanes, macromonomers with vinyl
terminated polydimethyl siloxane, and combinations or
derivatives thereof.

Exemplary adhesion promoters include silanes, titanates,
organosilane, acrylics, acids, anhydrides, epoxy resins, hard-
ening agents, polyamides, methylacrylates, epoxies, phenolic
resins, polyisobutylene, aminoalkyl, mercaptoalkyl, epoxy-
alkyl, ureidoalkyl, carboxy, acrylate and isocyanurate func-
tional silanes, mercaptopropyltrimethoxysilane, glycidox-
propyltrimethoxysilane, aminopropyltriethoxysilane, amino
ethylaminopropyltrimethoxysilane, ureidopropyltrimethy-
loxysilane, bis-gamma-trimethoxysilyl-propylurea, 1,3,5-
tris-gamma-trimethoxysilylpropylisocyanurate, bis-gamma-
trimethoxysilylpropylmaleate, fumarate and gamma-
methacryloxypropyltrimethoxysilane,
aminopropyltriethoxysilane, and combinations and deriva-
tives thereof. Exemplary crosslinking agents include oxime
crosslinkers, alkoxysilanes, epoxyalkylalkoxysilanes, amido
silanes, aminosilanes, enoxysilanes, tetracthoxysilanes,
methyltrimethoxy silane, vinyl trimethoxysilane, glycidox-
ypropyltrimethoxsilane, vinyl tris-isopropenoxysilane,
methyl tris-isopropenoxysilane, methyl tris-cyclohexylami-
nosilane, methyl tris-secondarybutylaminosilane, polyisocy-
anates, and combinations or derivatives thereof. Exemplary
organic solvents include aliphatic solvents, cycloaliphatic
solvents, mineral spirits, aromatic solvents, hexane, cyclo-
hexane, benzene, toluene, xylene, and combinations or
derivatives thereof.

Exemplary stabilizers include hindered phenols, sulfur
phenols, phosphorous-containing phenols, 1,3,5-trimethyl-2,
4,6-tris(3-5-di-tert-butyl-4-hydroxybenzyl)benzene,  pen-
taerythritol  tetrakis-3(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate, n-octadecyl-3 (3,5-di-tert-butyl-4-
hydroxyphenyl) propionate, 4,4'-methylenebis(4-methyl-6-
tert butylphenol), 4,4'-thiobis(6-tertbutyl-o-cresol), 2,6-di-
tert-butylphenol, 6-(4-hydroxyphenoxy)-2,4-bis(n-
ocytlthio)-1,3,5-triazine,  2,4,6-tris(4-hydroxy-3,5-di-tert-
butyl-phenoxy)-1,3,5-triazine,  di-n-octadecyl-3,5-di-tert-
butyl-4-hydroxybenzylphosphonate, 2-(n-octylthio)ethyl-3,
5-di-tert-butyl-4-hydroxybenzoate, sorbitol hexa-(3,3,5-di-
tertbutyl-4-hydroxy-phenyl) propionate, and combinations
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or derivatives thereof. In one aspect, the adhesive composi-
tion includes from 0.01% to 3% by weight of the one or more
stabilizers.

In one embodiment, the adhesives comprise a nucleating
agent, preferably present at 50 to 4000 ppm based on total
weight of the adhesive composition. Exemplary nucleating
agents include: HYPERFORM (e.g., HPN-68 and MILLAD
additives, e.g., MILLAD 3988) from Milliken Chemicals,
Spartanburg, S.C. and organophosphates such as, for
example, NA-11 and NA-21 from Amfine Chemicals, Allen-
dale, N.J. In another embodiment, the wax is the only nucle-
ating agent present in the adhesive blend.

Preferably, the peak melting temperature of the adhesive
compositionis 120° C. or less, preferably 110°C. orless. Low
melting temperature allows the adhesives to be applied at low
application temperature. In one embodiment, the adhesive is
alow application temperature hot melt adhesive, i.e., an adhe-
sive that can be applied to a substrate surface at a temperature
ofless than 150° C. (302° F.), less than 140° C. (284° F.), less
than 130° C. (266° F.), less than 125° C. (257° F.), less than
120° C. (248°F.), orless than 115° C. (239° F.), and then used
to bond the substrate to a second substrate surface. Such
adhesives do not require heating to temperatures greater than
these to sufficiently reduce viscosity for application.

Adhesive compositions, according to one embodiment,
exhibit a novel and advantageous balance of properties
including: at least 20% fiber tear at -18° C., and at least 50%
fiber tear at 25° C. using Inland paper board as a substrate, a
viscosity of less than 50,000 mPa-s at 190° C.

In an embodiment, the composition can be in the form of an
adhesive mixture having a viscosity at 177° C. of from about
500 to about 2000 mPa-s, or from about 700 to about 1100
mPa-s. Unless a shear rate is specified, viscosity values given
herein refer to the zero-shear viscosity, i.e., the viscosity at the
limit of low shear rate, based upon extrapolation from mea-
surements at 177° C. using a BROOKFIELD viscometer or
similar instrument at low shear rates, e.g., within the range of
about 0.01 to about 10 1/s.

In preferred embodiments, the adhesive compositions have
a Shear Adhesion Fail Temperature (SAFT) of at least 100°
C., and a viscosity ofless than 25,000 mPa-s, such as less than
10,000 mPa-s, for example less than 5,000 mPa-s, typically
less than 1,000 mPa-s at 190° C.

In other embodiments, the adhesive compositions have a
Dot T-Peel adhesion of at least 8 newtons for adhesion
between a fiber board and a fabric substrate at room tempera-
ture (25° C.) and a Dot T-Peel adhesion of at least 8 newtons
for adhesion between two polyethylene terephthalate (PET)
films at room temperature (25° C.) and at 40° C.

In order to measure set time, Dot T-Peel and substrate fiber
tear, adhesive test specimens are created by bonding the sub-
strates together with a dot of about 0.3 grams of molten
adhesive and compressing the bond with a 500-gram weight.
The dot size is controlled by the adhesive volume such that the
compressed disk, which forms, gives a uniform circle just
inside the dimensions of the substrates.

Once a construct is produced, it can be subjected to various
insults to assess the effectiveness of the bond. Once a bond to
a substrate fails, a simple way to quantify the effectiveness of
the adhesive is to estimate the area of the adhesive dot that
retained substrate fibers as the construct failed along the bond
line. This estimate is called percent substrate fiber tear and the
fiber tear test is executed after conditioning a sample at the
test temperature for an appropriate period of time. It is pref-
erable that an adhesive have a substrate fiber tear of approxi-
mately 80% to 100% at the conditions that the adhesive will
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be utilized. It is likely that 0% substrate fiber tear under these
conditions would signal a loss of adhesion.

The specimens for substrate fiber tear testing are prepared
using the same procedure as that described above. For low
temperature fiber tear test, the bond specimens are placed in a
freezer or refrigerator to obtain the desired test temperature.
For substrate fiber tear at room temperature, the specimens
are aged at ambient conditions. The bonds are separated by
hand and a determination made as to the type of failure
observed. The amount of substrate fiber tear is expressed
herein as a percentage. All the fiber tear tests are conducted
using Inland paper board as the substrate. Inland Paper Board
is a high performance box board obtained from Inland Paper
Board and Packaging Company of Rome, Ga. It is character-
ized as a #56 virgin high performance paper board stock.

Settime (also referred to as characteristic set time or dot set
time) is defined as the time it takes for a compressed adhesive
substrate construct to fasten together enough to give substrate
fiber tear when pulled apart, and thus the bond is sufficiently
strong to remove the compression. These set times are mea-
sured by trial and error by placing a molten dot of adhesive on
to a file folder substrate taped to a flat table. Three seconds
later, a file folder tab (2.5 cmx7.6 cm (1 inch by 3 inch)) is
placed upon the dot and compressed with a 500-gram weight.
The weight is allowed to sit for a predetermined time period
from about 0.5 to about 10 seconds. The construct, thus
formed, is pulled apart to check for a bonding level good
enough to produce substrate fiber tear. The procedure is
repeated several instances while holding the compression for
different periods, and the set time is recorded as the minimum
time required for this good bonding to occur. Standards are
used to calibrate the process.

Dot T-Peel is determined according to ASTM D 1876,
except that the specimen is produced by combining two 2.54
cmx7.62 cm (1 inch by 3 inch) substrate cut outs with a dot of
adhesive with a volume that, when compressed under a 500
gram weight occupies about 6.45 cm? of area (1 square inch).
Once made, all the specimens are pulled apart in side-by-side
testing atarate of 5.1 cm (2 in.) per minute by a machine (such
as an Instron) that records the destructive force of the insult
being applied. The maximum force achieved for each sample
tested is recorded and averaged, thus producing the average
maximum force, which is reported as the Dot T-Peel.

Peel Strength (modified ASTM D1876): Substrates mea-
suring 25x76 mm (1x3 inches) are heat sealed with 130 nm (5
mil) adhesive films at 135° C. for 1 to 2 seconds and 0.28 MPa
(40 psi) pressure. Bond specimens are peeled back in a tensile
tester at a constant crosshead speed of 51 mm/min (2 in./min)
The average force required to peel the bond (5 specimens)
apart is recorded.

180° Peel Strength is determined according to ASTM
D903 on stainless steel.

Rolling Ball Tack is determined according to ASTM
D3121 using 6.5 cm slope.

Open time is determined according to ASTM D4497.

Shore A hardness is measured according to ASTM 2240.
An air cooled dot of adhesive was subjected to the needle and
the deflection was recorded from the scale.

Adhesive melt viscosity and viscosity profiles vs. tempera-
ture are measured using a Brookfield digital viscometer and a
number 27 spindle according to ASTM D-3236.

SAFT (modified ASTM D 4498-00) measures the ability of
a bond to withstand an elevated temperature rising at 5.5° C.
(10° F.)/15 min, under a constant force that pulls the bond in
the shear mode. Bonds are formed, in the manner described
above, on Kraft paper (2.5 cmx7.6 cm (1 inch by 3 inch)). The
test specimens are suspended vertically in an oven at room
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temperature with a 500-gram load attached to the bottom. The
temperatures at which the weight falls is recorded (when the
occasional sample reaches temperatures above the oven
capacity >129° C. (265° F.) it is terminated and averaged in
with the other samples at termination temperature).

Peel Adhesion Failure Temperature (PAFT) is determined
using the following procedure modified according to the pro-
cedure of TAPPI T814 PM-77. Two sheets of 15.2 cm by 30.5
cm (6"x12") Kraft paper are laminated together with a 25 mm
(one inch) strip of molten adhesive heated to 177° C. The
laminated sheet is trimmed and cut into 25 mm (f-inch) wide
strips. These strips are placed in an oven with a 100-gram of
weight hanging in a peel mode. The oven temperature is
increased at a rate of 30° C. per hour. The samples are hung
from a switch that trips when the samples fail to record the
temperature of failure.

Cloud point is determined by heating the adhesive blends
to 121° C. and applying a small bead (approximately 1 gram)
of the molten adhesive to the bulb of an ASTM thermometer.
The temperature at which the molten adhesive clouds over is
then noted. These measures of cloud point provide an indica-
tion of a hot melt’s overall compatibility, i.e., the compatibil-
ity of the individual ingredients with each other.

Heat resistance (or heat stress) measures the temperature at
which the adhesive starts to fail. Hot melt adhesives generally
need heat resistance of 54° C. (130° F.) or above, such that
sealed cases, cartons, or trays will not have heat related failure
in summer time during transportation or warehouse storage.
The Institute of Packaging Professionals (IOPP) heat stress
test is used to measure the resistance of an adhesive to bond
failure at elevated temperatures. The procedure is described
in the IOPP Technical Journal, Winter 1992, pages 7-9. The
IOPP test is reported as the highest temperature at which the
adhesive passes or the temperature at which a majority of
repeated testing passes, e.g., at least 4 passes out of 5. The
inventive hot melt adhesive compositions in one embodiment
have IOPP heat resistance (4 passes out of 5) of 54° C. or
more, preferably 60° C. or more, more preferably 70° C. or
more.

Stress-strain properties for HMA compositions were deter-
mined according to ASTM D 1708. The specimens were
prepared using compression molded plaques. Tensile proper-
ties were measured on an Instron™ model 4502 equipped
with a 22.48 1b. load cell and pneumatic jaws fitted with
serrated grip faces. Deformation was performed at a constant
crosshead speed of 5.0 in/min with a data sampling rate of 25
points/second. Initial modulus, stress and strain at yield
(where evident), peak stress, tensile strength at break, and
strain at break were calculated. A minimum of five specimens
from each plaque was tested, the results being reported as the
average value. All stresses quoted were calculated based upon
the original cross-sectional area of the specimen, taking no
account of reduced cross-section as a function of increasing
strain. Tensile strength is defined as the maximum tensile
stress. Tensile strength is also called as ultimate strength.
Toughness is defined as the ability of polymer to absorb
applied energy before breaking. The area under the stress-
strain curve is used as a measure of the toughness.

Creep resistance is determined according to ASTM
D-2293.

Density is determined according to ASTM D792 at 25° C.

The color of polymers and their blends is measured using
Gardner index (Gardner color scale) according to ASTM D
1544-04. Gardner Delta 212 color comparator is used. The
samples are melted at a set temperature and aged for a speci-
fied period of time prior to measurement.
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The adhesives of this invention can be used in any adhesive
application, including, but not limited to, disposables, pack-
aging, laminates, pressure sensitive adhesives, tapes, labels,
wood binding, paper binding, non-wovens, road marking,
reflective coatings, and the like.

The adhesives described above may be applied to any
substrate. Preferred substrates include wood, paper, card-
board, plastic, thermoplastic, rubber, metal, metal foil (such
as aluminum foil and tin foil), metallized surfaces, cloth,
non-wovens (particularly polypropylene spun bonded fibers
ornon-wovens ), spunbonded fibers, cardboard, stone, plaster,
glass (including silicon oxide (SO,) coatings applied by
evaporating silicon oxide onto a film surface), foam, rock,
ceramics, films, polymer foams (such as polyurethane foam),
substrates coated with inks, dyes, pigments, PVDC, and the
like or combinations thereof.

Additional preferred substrates include polyethylene,
polypropylene, polyacrylates, acrylics, polyethylene tereph-
thalate, or any of the polymers listed above as suitable for
blends. Any of the above substrates, and/or the polymers of
this invention, may be corona discharge treated, flame treated,
electron beam irradiated, gamma irradiated, microwaved, or
silanized.

In a particular embodiment, the adhesives of this invention
can be used in a packaging article. The packaging article may
be useful as a carton, container, crate, case, corrugated case,
or tray, for example. More particularly, the packaging article
may be useful as a cereal product, cracker product, beer
packaging, frozen food product, paper bag, drinking cup,
milk carton, juice carton, drinking cup, or as a container for
shipping produce, just to name a few exemplary uses.

The packaging article is formed by applying an adhesive
composition to at least a portion of one or more packaging
elements. The packaging elements may be formed from
paper, paperboard, containerboard, tagboard, corrugated
board, chipboard, kraft, cardboard, fiberboard, plastic resin,
metal, metal alloys, foil, film, plastic film, laminates, sheet-
ing, or any combinations thereof. In one aspect, the adhesive
composition may be used to bind or bond two or more pack-
aging elements together, wherein the packaging elements are
formed from the same or different type of materials. Accord-
ingly, the packaging elements may be individually formed
from paper, paperboard, containerboard, tagboard, corru-
gated board, chipboard, kraft, cardboard, fiberboard, plastic
resin, metal, metal alloys, foil, film, plastic film, laminates,
sheeting, or any combination thereof. The one or more pack-
aging elements may also be individually coated using paper,
foil, metal, metal alloys, polyethylene, polypropylene, poly-
ester, polyethylene terephthalate, polyvinyl chloride, polyvi-
nylidine chloride, polyvinyl acetate, polyamides, homopoly-
mers thereof, and combinations and copolymers thereof.

The adhesive composition may also be formulated in an
embodiment to have a viscosity of less than 1000 mPa-s at
190° C.; a tensile strength of at least 2 MPa (300 psi), pret-
erably at least 3.4 MPa (500 psi), more preferably at least 4.8
MPa (700 psi); and an elongation of at least 30%, preferably
at least 80%, more preferably at least 120%.

The adhesive composition may also be formulated in an
embodiment to have fiber tear of greater than 80% at room
temperature, have fiber tear of greater than 80% at -18° C.,
and/or have fiber tear of greater than 80% at 20° C. The
adhesive composition is also formulated in an embodiment to
have a set time of less than 3 seconds, or less than 2 seconds,
preferably from 1 to 2 seconds.

The formulated adhesive composition in an embodiment
may also has a PAFT of at least 60° C., preferably at least of
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80° C.; a SAFT of at least 70° C., preferably at least of 100°
C.; and/or a cloud point 0f 275° C. or less, preferably 130° C.
or less.

The adhesive composition is also preferably formulated in
one embodiment to has a viscosity of less than 25,000 mPa-s
at 190° C.; has tensile strength of at least 6.89 MPa (1000 psi),
preferably at least 10.34 MPa (1500 psi), more preferably at
least 13.79 MPa (2000 psi); and has an elongation of at least
200%, preferably at least 400%, more preferably at least
600%.

Inyet another aspect, the adhesive composition has an open
time of 3 seconds or more. Preferably, the adhesive compo-
sition has an open time of 20 seconds or more. More prefer-
ably, the adhesive composition has an open time of 60 sec-
onds or more. In another aspect, the adhesive composition has
a set time of 5 minute or less, preferably 3 minutes or less,
more preferably 2 minutes or less.

Accordingly, the present invention also provides the fol-
lowing embodiments:

A. A composition comprising: a base polymer having a
peak melting point greater than 50° C.; an ester copoly-
mer comprising an olefin and a copolymerizable ester
and wherein the ester copolymer has a pour point less
than 40° C.

B. The composition of embodiment A, wherein the base
polymer comprises a first olefin and a first copolymer-
izable ester wherein the base polymer has a peak melting
point greater than 50° C.; and wherein the ester copoly-
mer comprises a second olefin and a second copolymer-
izable ester, wherein the first and second olefins can be
the same or different, wherein the first and second copo-
lymerizable esters can be the same or different, and
wherein the ester copolymer has a pour point less than
40° C.

C. The composition of embodiment A or embodiment B,
wherein the viscosity at 177° C. of the composition is
less than 95% of the viscosity without incorporating the
ester copolymer.

D. The composition of any one of the preceding embodi-
ments, further comprising a tackifier and a wax.

E. The composition of any one of the preceding embodi-
ments, wherein the composition comprises from 1 wt %
to 80 wt % of the base polymer, from 1 wt % to 70 wt %
of atackifier, and from 1 wt % to 15 wt % of a wax, based
on the total weight of the composition.

F. The composition of embodiment E, wherein the viscos-
ity at 177° C. of the composition is less than 95% ofthe
viscosity of a blend of the base polymer, the tackifier,
and the wax.

G. The composition of embodiment E or embodiment F,
wherein the fiber tear of the composition at 25° C. using
Inland paper board as a substrate is at least 95% of the
fiber tear of a blend of the base polymer, the tackifier,
and the wax.

H. The composition of any one of the preceding embodi-
ments, wherein the composition has at least 95% fiber
tear at 25° C. using Inland paper board as a substrate.

1. The composition of any one of the preceding embodi-
ments, wherein the ester copolymer is present at from
1% to 25% by weight of the base polymer.

J. The composition of any one of the preceding embodi-
ments, wherein the olefin comprises ethylene.

K. The composition of any one of the preceding embodi-
ments, wherein the copolymerizable ester is selected
from the group consisting of vinyl esters of carboxylic
acids, alkyl esters of acrylic, and methacrylic acids, and
combinations thereof.
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L. The composition of any one of the preceding embodi-
ments, wherein the base polymer comprises a melt index
from 10 to 1000 g/10 minutes.

M. The composition of any one of the preceding embodi-
ments, wherein the base polymer is selected from ethyl-
ene-vinyl acetate and ethylene-n-butyl acrylate.

N. The composition of any one of the preceding embodi-
ments, wherein the ester copolymer comprises ethylene-
vinyl acetate.

O. The composition of any one of the preceding embodi-
ments, wherein the ester copolymer comprises a pour
point below 25° C.

P. The composition of any one of the preceding embodi-
ments, wherein the ester copolymer comprises a viscos-
ity at 25° C. from 50 to 300 mPa-s.

Q. The composition of any one of the preceding embodi-
ments, wherein the ester copolymer is at least 95% by
weight non-crystalline.

R. The composition of any one of the preceding embodi-
ments, wherein the base polymer comprises from 15% to
45% by weight of a copolymerizable ester.

S. The composition of any one of the preceding embodi-
ments, wherein the ester copolymer comprises from
10% to 60% by weight of a copolymerizable ester.

T. The composition of any one of the preceding embodi-
ments, further comprising an antioxidant, colorizer, dye,
or filler.

U. The composition of any one of the preceding embodi-
ments, wherein the composition is an adhesive compo-
sition, comprising: from 1 wt % to 80 wt % of the base
polymer selected from ethylene-vinyl acetate and ethyl-
ene-n-butyl acrylate, from 1 wt % to 60 wt % of a
tackifier, and from 1 wt % to 15 wt % of a wax, by total
weight of the base polymer, the tackifier, and the wax;
and from 1 wt % to 25 wt % of the ester copolymer by
weight of the base polymer, wherein the ester copolymer
comprises a liquid ethylene-vinyl acetate copolymer;
and wherein the base polymer is solid at 25° C. and has
a melt index greater than 10 g/10 minutes, wherein the
viscosity at 177° C. of the adhesive composition is less
than 80% of'the viscosity of a blend of the base polymer,
tackifier, and wax, and wherein the adhesive composi-
tion has at least 95% fiber tear at 25° C. using Inland
paper board as a substrate.

V. The composition of any one of the preceding embodi-
ments, wherein the composition has a viscosity at 177°
C. of from about 500 to about 2000 mPa-s, or from about
700 to about 1100 mPa-s.

W. The composition of any one of the preceding embodi-
ments, wherein the base polymer has a weight average
molecular weight greater than 10,000.

X. A method of reducing the melt viscosity of a hot melt
adhesive comprising a mixture of an adhesive base poly-
mer, a tackifier, and a wax; the method comprising the
step of incorporating a liquid ethylene-copolymerizable
ester copolymer into the mixture in an amount from 1%
to 25% by weight of the adhesive copolymer.

Y. The method of embodiment W, wherein incorporation of
the liquid copolymer reduces the viscosity of the hot
melt adhesive at 177° C. by at least 20% relative to the
hot melt adhesive without the liquid copolymer, and
wherein the hot melt adhesive incorporating the liquid
copolymer has a fiber tear of at least 95% at 25° C. using
Inland paper board as a substrate.

Z. The method of embodiment W or X, further comprising
applying the hot melt adhesive to a substrate at a tem-
perature of less than 150° C.
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AA. The method of embodiment W, X, or Y, wherein the
melt viscosity of the hot melt adhesive at 177° C. is
reduced to from about 500 to about 2000 mPa-s, or to
from about 700 to about 1100 mPa-s.

BB. The adhesive composition of embodiment Z wherein
the adhesive composition has a viscosity of less than
1500 MPa-s at 177° C.

The invention will now be more particularly described with

reference to the following non-limiting Examples.

Peak melting point, Tm, (also referred to as melting point),
peak crystallization temperature, Tc, (also referred to as crys-
tallization temperature), glass transition temperature (Tg),
heat of fusion (AHf or Hf), and percent crystallinity were
determined using the following differential scanning calori-
metric (DSC) procedure according to ASTM D3418-03. DSC
data were obtained using a TA Instruments model Q100
machine. Samples weighing approximately 5-10 mg were
sealed in an aluminum hermetic sample pan. The DSC data
were recorded by first gradually heating the sample to 200° C.
atarate of 10° C./minute. The sample was kept at 200° C. for
2 minutes, and then cooled to -90° C. at a rate of 10°
C./minute, followed by an isothermal for 2 minutes and heat-
ing to 200° C. at 10° C./minute. Both the first and second
cycle thermal events were recorded. Areas under the endot-
hermic peaks were measured and used to determine the heat
of fusion and the percent of crystallinity. The percent crystal-
linity is calculated using the formula, [area under the melting
peak (Joules/gram)/B(Joules/gram)]*100, where B is the heat
of fusion for the 100% crystalline homopolymer of the major
monomer component. These values for B are to be obtained
from the Polymer Handbook, Fourth Edition, published by
John Wiley and Sons, New York 1999, provided; however,
that a value of 189 J/g (B) is used as the heat of fusion for
100% crystalline polypropylene, a value 0of 290 J/g is used for
the heat of fusion for 100% crystalline polyethylene. The Tm,
and Tg reported here were measured and reported during the
second heating cycle (second melt) unless otherwise noted.
The heat of fusion and Tc were measured and reported during
the first cooling cycle (first crystallization) unless otherwise
noted.

For polymers displaying multiple endothermic and exo-
thermic peaks, all the peak crystallization temperatures and
peak melting temperatures were reported. The heat of fusion
for each endothermic peak was calculated individually. The
percent crystallinity is calculated using the sum of heat of
fusions from all endothermic peaks. Some of polymer blends
produced show a secondary melting/cooling peak overlap-
ping with the principal peak, which peaks are considered
together as a single melting/cooling peak. The highest of
these peaks is considered the peak melting temperature/crys-
tallization point. Prior to the DSC measurement, the sample
was aged (typically by holding it at ambient temperature for
a period of 2 days) or annealed to maximize the level of
crystallinity.

A Tack Test Procedure was used to evaluate some adhe-
sives in the following examples. In this procedure, a 25.4
micron (1 mil) thick layer of molten adhesive is applied to
paper, a second piece of paper is placed on top, a 454 g (1 1b)
weight applied, and the bond allowed to cool. The top piece of
paper was then lifted into the air, and if the bottom piece is
held separation from the top sheet was tried. The score on a
scale of 1 to 10 is as follows:

10=Full fiber tear adhesion—the samples will not separate
without tearing the paper.

5=Difficult to separate, masking tape applied to stainless
steel, for example



US 9,260,636 B2

17

1=The two pieces of paper adhere sufficiently that upon
lifting one piece in the air the other will stay attached for
more than 10 seconds, i.e., the bond strength is sufficient
to support the weight of the paper.

0=No sticky tack force at all—upon lifting the top piece the

top and bottom pieces immediately separate.

In the tack test procedure a score of 1 or more indicates
utility as an adhesive, e.g., for temporarily holding together
two small pieces, two sheets of paper or a sheet of paper and
a piece of plastic sheet.

EXAMPLES

EnBA and EVA resins were formulated into hot melt adhe-
sives. The resins listed in Table 1 were formulated with an
adhesive ethylene-vinyl acetate copolymer (EVA) or an adhe-
sive ethylene n-butyl acrylate copolymer, tackifier, wax, and
an antioxidant, with or without a liquid EVA. The blending
was carried out at low shear mixing at elevated temperature of
about 177° C. EXXONMOBIL EnBA EN 33330 EnBA and

10
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HMAA4 vs. HMA3) to less than 30% without the liquid EVA
(see HMAG6 vs. HMAS). Examples HMA1 to HMA6 dem-
onstrate that well balanced adhesive performance was
achieved through the combination of adhesive polymer com-
ponents and low pour point EVA components, including EVA
liquid.

The adhesive formulations HMA1 (FIG. 1) and HMA2
(FIG. 2) listed in Table 1 were subjected to DSC thermal
analysis. HMA1 and HMA2 had peak melting temperatures
that were changed very little, viz., less than 0.6° C., despite
the presence of 5% EVA Liquid 1 in HMAZ2.

The adhesive formulations listed in Table 2 were subjected
to DSC thermal analysis. EVA Liquid 2 is a liquid EVA
having a viscosity at 25° C. of 110 mPa-s and at 150° C. of
54.4 mPa-s, containing 36.5 wt % vinyl acetate and 250 ppm
IRGANOX 1076 octadecyl 3,5-di-(tert)-butyl-4-hydroxyhy-
drocinnamate.

TABLE 2

20
EXXONMOBIL EnBA EN 33900 EnBA are ethylene-n-bu- DSC Testing Formulations
tyl acrylate copolymers containing 32.5 wt % n-butyl acrylate )
and having melt indices 0330 and 900 g/10 minutes, respec- Hot Melt Adhesive HMAS HMAT
tively. EN 33330 EnBA and EN 33900 EnBA also have vis- Formulation, wt %
cosities at 150° C. 0f 76,800 mPa-s and 21,800 mea-s, respec- 25
tively. ESCORENE ULTRA MV 02514 EVA is an ethylene- EAVVAOE;E A 4 3
vinyl acetate having a melt viscosity at 190° C. of 3100 mPa-s ESCOREZ 5600 Tackifier 40 40
and a viscosity at 150° C. of 7560 mPa-s. EVA Liquid 1 is a PARAFLINT H1 F-T Wax 25 25
liquid EVA having a viscosity at 25° C. of 170 mPa-s and at IRGANOX 1010 (wt %) 1 1
150° C. of 88.6 mPa-s, containing 36.5 wt % vinyl acetate and 3¢ Properties
250 ppm IRGANOX 1076 octadecyl 3,5-di-(tert)-butyl-4- Tm, ° C. 82.3 82.8
hydroxyhydrocinnamate. ESCOREZ 5600 tackifier is an aro- Te,° C. 90.11 91.33
matic-modified, cycloaliphatic hydrocarbon resin having a Tg . C. . -16.91 -17.11
softening point of 103° C. PARAFLINT HI F-T Wax is a Ve e ot Tt
Fischer-Tropsch wax from Moore and Munger Inc. IRGA- 35 Viscosity: 150° C. (mPa-s) 440 130
NOX 1010 is a phenolic antioxidant available from Ciba- Viscosity, 130° C. (mPa-s) 760 230
Geigy.
TABLE 1
Hot Melt Adhesive Examples
Hot Melt Adhesive
HMAl HMA2 HMA3 HMA4 HMAS HMAG
Formulation, wt %
EN 33330 EnBA 45%  40%
EN 33900 EnBA 59%  54%
MV 02514 EVA 55%  45%
EVA Liquid 1 0 5% 0 5% 0 10%
ESCOREZ 5600 Tackifier 44%  44%  30%  30%  34%  34%
PARAFLINT H1 F-T Wax 10%  10%  10%  10%  10%  10%
IRGANOX 1010 (wt %) 1% 1% 1% 1% 1% 1%
Properties

Tm 787 789
Te 87.3 843
Tg -140  -45
Heat of Fusion I/g 37.6 31.2
Viscosity, 177° C. (mPa-s) 2265 1672 2150 1675 5925 1335
Fiber tear, room temperature (Inland) 99 99 99 100 99 100
Fiber tear, room temperature (84 C. paper) 100 100 100 100 100 100

The formulated adhesives with EVA liquid have good fiber
tear that is the same as or slightly better than the adhesives
formulated with additional base EVA/ENBA polymer with-
out any EVA liquid, but have a much lower viscosity at 177° 65

C. which ranges from less than 80% of the viscosity of the
similar adhesive formulation without the EVA liquid (see
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TABLE 2-continued

DSC Testing Formulation:

Hot Melt Adhesive HMASR HMA7
Viscosity, 110° C. (mPa-s) 1600 460
Viscosity, 90° C. (mPa-s) 181,000 12,000
Tack Test Score 10 1

The DSC curves for the HMAS (FIG. 3) and HMA7 (FIG.
4) show that Tm, Tc, and Tg temperatures and glass transition
temperatures were similar in both the HMAS8 without the
liquid EVA and HMA7 with the liquid EVA at 17 wt %, i.e.,
no more than about 2° C. apart, indicating that the EVA liquid
has minimal impact on the strength of the adhesive EVA resin
below the Tm. The heat of fusion is less for the liquid-filled

10

20

comprising a styrene-butadiene-styrene triblock copolymer
and having a styrene content of 29 wt %, melt flow rate of 12
dg/min (ASTM D 1238, 200° C., 5 kg), solution viscosity of
400 cps using 25 wt % toluene at 25° C. (ASTM D 2196), and
density 0f 0.94 g/cc (ASTM D792). EVA Liquid 3 is a liquid
EVA having a viscosity at 25° C. of 170 mPa-s and at 150° C.
of 88.6 mPa-s, containing 36.5 wt % vinyl acetate and 250
ppm IRGANOX 1076 [octadecyl 3,5-di-(tert)-butyl-4-hy-
droxyhydrocinnamate]. ESCOREZ 2203 tackifier is an aro-
matic-modified aliphatic hydrocarbon resin having a soften-
ing point of 93° C. ESCOREZ 5600 tackifier is an aromatic-
modified, cycloaliphatic hydrocarbon resin having a
softening point of 103° C. IRGANOX 1010 is a phenolic
antioxidant available from Ciba-Geigy. TUFFLO 6056 is a
white mineral oil manufactured by Citgo having a viscosity
(CST) @40° C. of 104.05 (ASTM D445).

TABLE 3

Adhesive

Al A2 A3

A4

AS A6 A7 A8 A9

Formulation, wt %

VECTOR 43.3 43.3

8508
ESCOREZ
2203
ESCOREZ
5600
IRGANOX
1010
TUFFLO
1010

EVA
Liquid 3

51.9 519
51.9
0.3

0.3 0.3

4.5 4.5

4.5

43.3

51.9

30.3 24

13 13 43.3

51.9 51.9 29

519 51.9

0.3 0.3 0.3 0.3 0.3

4.5 4.5

45 45 45 46

Properties

Viscosity
@ 190° C.
(centipoise)
Rolling
Ball Tack
(cm of ball
travel)
180° Peel
Strength
(Ib - in)
Failure
Mode

39,100 48,180 48,500

8.7 13.5 10.9

3.905 3.351 4.339

AF CF AF

53,330

CF

33,400 33,040 31,160 36,550 803

16.3 23.8 29.6 16.6 16.6 4.1

2.505 4.358 1.815 3.585 2.993 0.095

AF CF AF CF CF

(CF = cohesive failure)
(AF = adhesive failure)

system, which equates to less energy required to melt the
HMA with the liquid EVA. The liquid-filled system also
demonstrates that the highly liquid filled system has some
adhesive utility.

Styrenic block copolymers were formulated into pressure
sensitive adhesives. The styrenic block copolymers listed in
Table 3 were formulated with a tackifier, and an antioxidant,
with or without a liquid EVA. The blending was carried out at
low shear mixing at elevated temperature of about 177° C.
VECTOR 4113 is a styrenic block copolymer manufactured
by Dexco Polymers, L.P. comprising a styrene-isoprene-sty-
rene triblock and styrene-isoprene diblock blend and having a
styrene content of 15 wt %, melt flow rate of 10 dg/min
(ASTM D 1238, 200° C., 5 kg), solution viscosity of 1200 cps
using 25 wt % toluene at 25° C. (ASTM D 2196), and density
of 0.92 g/cc (ASTM D792). VECTOR 8508 is a styrenic
block copolymer manufactured by Dexco Polymers, L.P.
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The formulated adhesives in Table 3 with Liquid EVA 3
showed cohesive failure which is desirable for tamper evident
packaging.

The preceding description has been presented with refer-
ence to presently preferred embodiments of the invention.
Persons skilled in the art and technology, to which this inven-
tion pertains, will appreciate that alterations and changes in
the described compositions and methods can be practiced
without meaningfully departing from the principle and scope
of this invention. Accordingly, the foregoing description
should not be read as pertaining only to the exact embodi-
ments described and shown in the accompanying drawings,
but rather should be read as consistent with and as support for
the following claims, which are to have their fullest and
fairest scope.

All documents described herein are incorporated by refer-
ence herein, including any priority documents and/or testing
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procedures to the extent they are not inconsistent with this
text, provided however that any priority document not named
in the initially filed application or filing documents is NOT
incorporated by reference herein. As is apparent from the
foregoing general description and the specific embodiments,
while forms of the invention have been illustrated and
described, various modifications can be made without depart-
ing from the spirit and scope of the invention. Accordingly, it
is not intended that the invention be limited thereby. Like-
wise, the term “comprising” is considered synonymous with
the term “including” for purposes of Australian law.

What we claim is:

1. A composition comprising:

a base polymer, wherein the base polymer comprises a first
olefin and wherein the first olefin comprises ethylene;
and

from about 1 wt % to about 25 wt % of an ester copolymer
by weight of the composition,
wherein the ester copolymer comprises an olefin and a

copolymerizable ester,
wherein the ester copolymer has a pour point less than
40°C,;

and wherein the base polymer is different than the ester
copolymer;

wherein the composition is used for a tamper evident pack-
aging article.

2. The composition of claim 1, wherein the base polymer is

a solid at 50° C.

3. The composition of claim 1, wherein the base polymer
has a peak melting point greater than 50° C.

4. The composition of claim 1, wherein the base polymer
has a melt index from 0.1 g/10 minutes to 3,000 g/10 min.

5. The composition of claim 1, wherein the base polymer
has a melt index from 0.1 g/10 minutes to 2,000 g/10 min.

6. The composition of claim 1, wherein the base polymer
has a melt index from 0.1 g/10 minutes to 1,000 g/10 min.

7. The composition of claim 1, wherein the base polymer
further comprises a first copolymerizable ester wherein the
base polymer has a peak melting point greater than 50° C.;
and wherein the ester copolymer comprises a second olefin
and a second copolymerizable ester, wherein the first and
second olefins can be the same or different, wherein the first
and second copolymerizable esters can be the same or differ-
ent, and wherein the ester copolymer has a pour point less
than 40° C.

8. The composition of claim 7, wherein the viscosity at
177° C. of the composition is less than 95% of the viscosity of
the base polymer without incorporating the ester copolymer.

9. The composition of claim 7, further comprising a tacki-
fier and a wax.

10. The composition of claim 9, wherein the composition
comprises from 1 wt % to 80 wt % of the base polymer, from
1 wt % to 70 wt % of the tackifier and from 1 wt % to 15 wt
% of the wax, based on the total weight of the composition.

11. The composition of claim 9, wherein the viscosity at
177° C. of the composition is less than 95% of the viscosity of
a blend of the base polymer, the tackifier, and the wax.
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12. The composition of claim 9, wherein the fiber tear of
the composition at 25° C. using Inland paper board as a
substrate is at least 95% of the fiber tear of a blend of the base
polymer, the tackifier, and the wax.
13. The composition of claim 9, wherein the composition
has at least 95% fiber tear at 25° C. using Inland paper board
as a substrate.
14. The composition of claim 7, wherein the second olefin
comprises ethylene.
15. The composition of claim 7, wherein the first and
second copolymerizable esters can be the same or different
and are selected from the group consisting of vinyl esters of
carboxylic acids, alkyl esters of acrylic and methacrylic
acids, and combinations thereof.
16. The composition of claim 1, wherein the base polymer
is selected from ethylene-vinyl acetate and ethylene-n-butyl
acrylate.
17. The composition of claim 7, wherein the ester copoly-
mer comprises ethylene-vinyl acetate.
18. The composition of claim 7, wherein the ester copoly-
mer comprises a pour point below 25° C.
19. The composition of claim 7, wherein the ester copoly-
mer comprises a viscosity at 25° C. from 50 to 300 mPa-s.
20. The composition of claim 7, wherein the ester copoly-
mer is at least 95% by weight non-crystalline.
21. The composition of claim 7, wherein the base polymer
comprises from 15% to 45% by weight of the first copoly-
merizable ester.
22. The composition of claim 7, wherein the ester copoly-
mer comprises from 10% to 60% by weight of the second
copolymerizable ester.
23. The composition of claim 16, wherein the base polymer
comprises more than 50 wt % ethylene vinyl acetate copoly-
mer wherein the ethylene vinyl acetate copolymer has a vinyl
acetate content of greater than 10% and wherein the adhesive
composition has a viscosity of less than 3000 MPa-s at 177°
C.
24. An adhesive composition, comprising:
from 1 wt % to 80 wt % of a base polymer selected from
ethylene-vinyl acetate and ethylene-n-butyl acrylate,
from 1 wt % to 60 wt % of a tackifier and from 1 wt % to
15 wt % of a wax, by total weight of the base polymer,
the tackifier, and the wax wherein the base polymer is
solid at 25° C. and has a melt index greater than 10 g/10
minutes;
from 1 wt % to 25 wt % of a liquid ethylene-vinyl acetate
copolymer by weight of the adhesive composition; and

wherein the viscosity at 177° C. of the adhesive composi-
tion is less than 80% of the viscosity of a blend of the
base polymer, tackifier, and wax, and wherein the adhe-
sive composition has at least 95% fiber tear at 25° C.
using Inland paper board as a substrate;

and wherein the base polymer is different than the ethyl-

ene-vinyl acetate copolymer;

wherein the adhesive composition is used for a tamper

evident packaging article.
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